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The work reported in this communication was undertaken for the purpose 
of reinvestigating the general aspects of type specificity among staphylo- 
cocci,  and especially to attempt  to obtain  the type-specific fraction in a 
state more closely approximating its native condition through the utiliza- 
tion of milder chemical techniques than those hitherto employed. 
Two serological types  of staphylococci have  been  differentiated  by Julianelle  and 
Wieghard (1934)  on the basis of specific  carbohydrates obtained by chemical fractiona- 
tion of the  organisms.  Type A  strains  were found to  be pathogenic and  capable  of 
fermenting mannitol,  while  type B  was  comprised of strains  which failed  to ferment 
mannitol and had little,  if any, pathogenicity.  Thompson and Khorazo  (1937)  have 
utilized a precipitin test for typing which is similar to that used by Lancefield (1933)  in 
grouping the hemolytic streptococci.  By means of this method they were able not only 
to identify strains of types A and B  but also reported additional types C, BC, and O. 
These new types possessed cultural characteristics similar to type B strains and likewise 
had little pathogenicity as judged by source of isolation.  While type C is clearly defined, 
the immunological characterization of types BC and O is not distinct, since in the case of 
type BC it depends upon similar amounts of precipitation with antisera of two different 
types and in the case of type O the criterion for typing is the failure to give significant 
precipitation with sera of types A, B, or C. 
Julianelle  and Wieghard presented  evidence of the different  chemical compositions 
of the type A and type B  carbohydrates and demonstrated their specific  precipitation 
with  rabbit  sera  prepared  by injections  of homologous vaccines.  The nature  of the 
type-specific precipitinogens in the crude extracts prepared by Thompson and Khorazo 
was not stated.  These materials are known to be highly impure, but inspection of the 
extractive procedures indicates that the material could contain both carbohydrate and 
protein.  It has been generally assumed, however, that the type-specific precipitinogen 
in the extract was a carbohydrate similar to that described by Julianelle and Wieghard. 
The methods employed by Julianelle and Wieghard for obtaining the specific  carbo- 
hydrate require relatively drastic extraction of the organisms with hot acid, and although 
* This work was  aided  by a  grant from the Louis Livingston Seaman Fund of the 
New York Academy of Medicine. 
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the type-specific substance as present in the intact bacteria is antigenic, the substance 
obtained by extraction is non-antigenic. 
The Study of Crude Extracts 
It  was  deemed  advisable  to  restudy  the  precipitin  reactions  obtained 
by the method of Thompson and Khorazo.  The purpose of this was two- 
fold:  First,  to determine whether  the  correlation between  serological type 
and  the  production  of hemolysin  and  coagulase,  which  was  reported  by 
these  workers,  existed  in  strains  isolated  in  this  laboratory.  Second,  to 
ascertain  the  degree of specificity of these extracts. 
Three strains of staphylococci, J13, MX, and X32, representing types A, B, and C, 
respectively, were obtained. 1  The first two of these were strains from which Julianelle 
and Wieghard had extracted type-specific carbohydrate substances, and the third was 
the prototype for type C.  Antisera were produced in rabbits against each of the  three 
strains by intravenous injections of heat-killed vaccines followed by similar injections 
of living organisms.  The vaccines were given in increasing doses  on alternate  days 
and both dosage and duration of immunization were controlled by the weight curves of 
the individual animals and the preeipitin content of their sera. 
Crude  extracts for use as precipitinogens were  prepared by processing  5 day  old 
infusion  broth cultures.  4 volumes of acetic acid-acidified  ethyl alcohol were added  to 
50 co. of culture and allowed to stand overnight in the cold.  The resulting precipitate 
was collected by centrifugation and extracted with 2.5 ce. of N/16 HC1 at 100°C. for 15 
minutes.  The acid supernatant  of this  extraction was made neutral  to litmus  with 
•/4  NaOR and centrifuged clear of precipitate.  This clear, straw-colored supernatant 
was used in various dilutions as the precipitinogen to be tested with antisera prepared 
against the three type strains. 
In  the  precipitin  tests  the  antisera were  diluted  with  2  volumes of physiological 
saline  and  the  extracts were  usually  diluted  serially  1:10,  1:20,  1:40,  1:80,  1:160, 
1:320.  0.1  co. quantities of the various extract dilutions were layered over 0.1  cc. of 
serum dilution in 6 ram. precipitin tubes and the tubes were read as ring reactions at the 
end of 2 hours incubation at 37°C.  They were  then shaken, stored overnight in the 
cold and again observed the following  day.  Appropriate serum and extract controls 
were included in every group of precipitin tests. 
69 strains which had previously been examined for their  ability  to pro- 
duce  ~x  toxin  and  coagulase  and  to  ferment  mannitol  were  available  for 
study.  Crude  extracts  of each of these  strains  were prepared  and  tested 
by the  method  of Thompson  and  Khorazo  as previously described.  The 
correlation of type with the characteristics of the strains is shown in Table I. 
These results confirm the findings of Thompson and Khorazo that type A 
strains possess the capacity to ferment mannitol and to produce toxin and 
1 These cultures were obtained through the kindness of Dr. Raymond Thompson. W.  ~'.  VEI1WEY  637 
coagulase.  At the same time, since Chapman,  Berens, Peters, and Curcio 
(1934) have shown that staphylococci isolated from pathological conditions 
have  these  same  cultural  characteristics,  these  data  lend  support  to  the 
claim  of  Julianelle  and  Wieghard  that  pathogenic  staphylococci  usually 
fall into  type A. 
TABLE  I 
The Serological Types and Certain Physiological Characteristics of 69 Strains of 
Staphylococci 
Serological type 
A 
B 
C 
BC 
0 
Number of strains 
48 
6 
8 
1 
6 
Mannitol, atoxin, and coagulase 
Positive 
45 
1" 
0 
0 
1" 
Negative 
* Mannitol positive, a  toxin and coagulase negative. 
TABLE  II 
Predpitin Reactions of Crude Extracts of Types A, B, and C Staphylococci with Homologous 
and Heterologous Sera 
ntigen dilution .... 
:xtract J13 (type  A). 
:xtract MX (type  B). 
:xtract X32 (type C). 
Antibacterial serum 
Type A  [  Type B 
.,,~  ...  ~  ~  ,~  ,~  ,~ 
4[4'  4  3  214-  2  i:  3 
21+-4---  4  2-~ 
--i  3  --- 
Normal 
serum 
Type C 
1 
1  - 
41  - 
-  = no reaction; 4- to 4 = increasing quantities of precipitate. 
Serum controls negative.  Readings made after incubation for 2 hours at 37°C. 
The results given in Table II illustrate  the precipitin reactions of crude 
extracts of the three type strains with the three type antisera.  This pro- 
tocol  demonstrates  the  degree  of  specificity  frequently  encountered  in 
routine  typing  tests.  The  precipitin  reactions  were  almost  invariably 
sufficiently distinct to permit ready typing of the strains, but a considerable 
amount of reaction with sera of heterologous types was usually seen.  This 
indicated  that  the  crude extracts  prepared  according  to  the  method out- 
lined above contained not only type-specific precipitinogen but, in addition, 
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these precipitinogens could be removed by treating the crude extracts with 
sera prepared against organisms of heterologous type, leaving precipitation 
with homologous serum unaffected. 
Since all crude extracts contain some cross-reactive material,  the serum 
for a  serological type may be tested for both specific and non-specific pre- 
cipitins by using  appropriate  dilutions of the  extracts of the  three types. 
Similarly any bacterial extract may be tested for specific and non-specific 
precipitinogens  by  means  of  the  three  antibacterial  typing  sera.  This 
principle has been employed in studying the specificity of bacterial  extracts 
and their corresponding antisera in all subsequent work. 
The Fractionation of Staphylococcus, Type A 
The purification of crude extracts prepared  according to the method of 
Thompson and  Khorazo was  not  attempted  because  the manner of  their 
preparation was  such  that  the  extracts were not considered suitable  as  a 
source from which to derive a more-purified, antigenic, specific precipitino- 
gen.  Strain J13,  the type A  prototype, was used as the test organism  in 
these studies. 
Fractionation Method 
After various preliminary experiments the following procedure was developed and 
has been found eminently satisfactory. 
Beef heart infusion broth, pH 7.4, in volumes of 10 to 100 liters is inoculated with 
24 hour cultures of strain J13.  After 22 to 24 hours incubation at 37°C., the organisms 
are  collected  by  Sharpies  centrifugation.  The Flosdorf-Mudd lyophile apparatus  is 
utilized for the desiccation of the organisms and they are then ground for 12 to 24 hours 
in the Flosdorf-Mudd low temperature ball mill.  The ground material is resuspended 
in distilled water in proportions of 10 co. of water for each liter of original culture.  Most 
of the insoluble material is removed by centrifugation, but the supernatant following 
centrifugation still  contains material in colloidal  suspension.  The pH of this super- 
natant,  usually about 6.8,  is  then adjusted to 5.2 with N/10  HC1.  The precipitate 
that forms is removed by centrifugation and designated fraction AI.  The addition of 
N/10 HC1 is continued slightly beyond the point of maximum precipitation to pH 3.5 
and this second precipitate is also collected by centrifugation.  The second precipitate 
has been called fraction AII. 
The removal of fraction AII leaves  the acid-treated supernatant crystal clear and 
light yellow in color.  This supernatant is strongly positive to the Molisch  test and 
very weakly positive to the biuret test; 50 per cent trichloroacetic acid is then added to 
the point of maximum precipitation as determined by preliminary trials  on aliquot 
portions.  The final  trichloroacetic acid concentration is usually between  11  and  14 
per  cent.  A  turbidity  develops  immediately and  gradually  coalesces  into  a  white 
flocculent precipitate on standing overnight in the cold.  The precipitate formed under 
these conditions  is  small  in volume but may be collected  after rapid centrifugation. 
This precipitate has been designated fraction B. w.  r.  VERWEY  639 
After removal of fraction B, the supernatant is extracted with ether to remove some 
of the trichloroacetic acid and then reduced to  1/5 volume by vacuum distillation at 
55--60°C.  Following this concentration, the extraction may be repeated and the remain- 
ing aqueous solution is mixed with 6 volumes of 95 per cent ethyl alcohol.  After storage 
for 3  to  5  days the precipitate which has formed is  removed by centrifugation and 
designated fraction C. 
The residue of insoluble material which has been centrifuged out of suspension imme- 
diately after grinding  is extracted overnight in  the cold with x/S0 NaOH.  The ex- 
Watery Suspension of Lyophilized and Ground Organisms 
Centr~duged 
I 
Supernatan~ 
~aOH  Acdifi  H512  d  f  N/50  i  " ed to p  .  an  centri uged 
I  I 
Sup~,tanl 
Discard  J 
Acidified to pH 3.5 and centrifuged 
I 
N/10 HCI  [~  Supernatant 
]  AII  I  [ 
CChCOOH 
Su  pernatant 
Discard  I  I 
Supernatant 
I 
Ether extraction, vacuum concen- 
tration, CH-IsOH  precipitation 
I 
Sup~nalant 
Discard 
FIG.  1.  Frsctionation of staphylococcus type A, strain J13. 
tractant is called fraction R.  Fig.  1 shows schematically the method of fractionation 
which is employed. 
Each  precipitated  fraction was  resuspended  in  distilled  water and  alkalinized  to 
solution, when necessary, by the addition of N/10 NaOH.  In cases where preparations 
were to be used for quantitative chemical estimations as well as immunological study, 
the fractions were reprecipitated, resuspended in distilled water, and then subjected to 
electrodialysis.  The salt-free material was then desiccated by lyophilization, weighed, 
and made up in solutions of known concentrations. 
Serological  Activity of Different Fractions 
Sera prepared against each of the three type strains, J13, MX  and X32, 
were  employed  in  testing  each  fraction  to  determine  its  precipitinogen 640  PROTEIN  DERIVED  FROM  STAPHYLOCOCCUS 
content.  Table III is an illustrative protocol.  These tests indicated that 
fractions AI, AII, and R, which contained the bulk of the water- andalkali- 
soluble  bacterial  protein,  were quite  non-specific in  their  reactions with 
antisera.  Though  always  reacting  quite  strongly  with  the homologous 
J13  serum,  they also  reacted to  a  considerable degree with heterologous 
sera.  Fractions  B  and  C,  however,  exhibited  almost  complete  type 
specificity in that they gave strong precipitin tests with homologous serum 
but gave minimal reactions with sera of heterologous types. 
The type specificity of fraction C was anticipated because the manner of 
preparation  was  such  that  the  type-specific  carbohydrate  described  by 
TABLE  HI 
Precipitin Reactions of Various Fractions of Strain J13 (Type A) with Homologous and 
Heterologous Sera 
kntigen dilution* ... 
Fraction B.. 
Fraction C. 
Fraction AI. 
Fraction AII. 
Fraction R... 
TypeA 
...  ~ 
44 
44321 
44311 
43214- 
44  i 
Antibacterial serum 
Ty~  B 
4443 
31 
4-  4  3  24-'4- 
4-3214-4- 
32214- 
Type C 
•  ','"  :  2,2 
432  14--- 
4324-  ..... 
Normal 
~rllln 
m 
4-  -- 
m 
-  = no reaction.  4- to 4 = increasing quantities of precipitate. 
Serum controls negative.  Readings  made after incubation for 2 hours at 37°C. 
* Original concentrations of all fractions were approximately 100 mg. per cent. 
Julianelle and Wieghard would probably be found in  this fraction.  The 
high degree of type specificity observed in tests with fraction B  was quite 
unexpected and  suggested  the  existence of an  entirely new type-specific 
substance.  This fraction was found to be strongly positive to the biuret 
test and MiUon's test, but only weakly positive to the Molisch test.  The 
results of these qualitative chemical tests and the fact that trichloroacetic 
acid was the agent used in precipitating the material, strongly suggested 
that it was protein in nature.  Since no type-specific protein substance in 
the staphylococcus had been previously described, this fraction was care- 
fully studied. 
The possibility  that  the  type-specific carbohydrate might be the active 
precipitinogen in both fractions C and B was immediately considered, and 
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nized.  The  first  approach  to  this  problem  was  made  by  precipitin  ab- 
sorption  tests.  Absorption  of type A  antibacterial  staphylococcal serum 
with  fraction B  and  fraction  C  demonstrated  that  fraction B  precipitins 
could  not  be  absorbed  from  serum  by  fraction  C,  nor  could  fraction  C 
precipitins  be  absorbed  from serum  by fraction  B.  Table  IV  illustrates 
a  typical absorption  experiment with  controls. 
TABLE IV 
Serological Differentiation of Fraction B  and Fraction C by Precipitin  Absorption Tests 
with Type A Antibacterial Serum 
Fraction used  Fraction used 
for absorption  for test 
--  B 
C  B 
B  B 
--  C 
B  C 
C  C 
1:40 
4 
4 
1 
3 
2 
Dilutions of test fraction 
1:80 
4 
4 
4- 
3 
2 
1:160 
4 
4 
3 
2 
1:320 
4 
4 
2 
2 
m 
1:640 
4 
3 
1 
1 
1:1280 
3 
2 
4- 
Serllln 
control 
Readings  made after incubation for 2 hours at 37°C. 
-  --- no reaction.  4- to 4 -- increasing quantities of precipitate. 
TABLE  V 
Effect of Tryptic Digestion on the Precipitating Activity of Fraction B Tested with 
Type A Serum 
Material tested 
Fraction B, undigested  ........... 
Fraction B, digested  .............. 
Equivalent trypsin solution  ....... 
1132  1  1:64  1:128  1:256  1:512  1:1024  1:32  1:64 
-  ~  no reaction.  1 to 4  =  increasing quantities of precipitate. 
Serum control negative.  Readings made after incubation for 2 hours at 37°C. 
Additional evidence of the protein nature  of the fraction B  precipitino- 
gens  was  obtained  by  the  examination  of  the  effect of  tryptic  digestion 
on the precipitinogen.  Fraction B  in solution was adjusted to pH 8.5 and 
1.5 rag. of commercial trypsin was added for each 1 cc. of the sample.  After 
2½ hours incubation N/100 NaOH was added to pH  11.0 and the solution 
was stored overnight in order to inactivate the trypsin.  A  control sample 
was  treated  in  an  identical  manner  except  for  the  addition  of  trypsin. 
Table V  contains a  comparison between the precipitinogen activities of the 642  PROTEIN DERIVED  FROM  STAPHYLOCOCCUS 
digested and  the undigested samples.  The fact  that  digestion occurred 
in  the  sample  containing trypsin  was  evidenced by  increased  buffering 
power of the  trypsin-digested material over both  trypsin solution alone 
and fraction B  solution alone. 
The  results  of  the  experiments  with  precipitin  absorption  seemed to 
demonstrate quite clearly that fraction B  and fraction C contain different 
precipitinogens.  The  inactivation  of  the  fraction  B  precipitinogen  by 
trypsin lends further support to the evidence that it is a protein substance 
rather  than  carbohydrate. 
The Antigenicity of Fraction B 
Since fraction B was found to act as a  type-specific precipitinogen, pos- 
sessing many characteristics of a protein, efforts were made to determine 
whether type-specific antibodies could be induced by repeated injections of 
animals with this fraction alone.  Six rabbits were injected intravenously 
with increasing daily doses of fraction B  over periods of  19  to  22  days. 
This resulted in the production of a high titre of precipitins for fraction B 
in one serum, a moderate titre in three others, while in two sera precipitins 
for this fraction were not detectable.  In none of  the sera in which pre- 
cipitins were present was there evidence of any antibody capable of reacting 
with crude extracts made from type B or type C staphylococci, or with the 
carbohydrate fraction C of type A. 
In addition to rabbits, both mice and guinea pigs were given increasing 
daily doses of fraction B  over periods of 7 to  14 days without exhibiting 
any local or systemic reactions.  Four groups of mice totaling 54 animals, 
and  eleven guinea pigs were  used in  the  experiments and  all  injections 
were made intraperitoneally.  The sera from each group of mice and the 
sera of all of the guinea pigs contained antibodies against fraction B  but 
none against types B  and C  crude extracts.  Moreover, none of the sera 
of mice or guinea pigs contained any precipitins capable of reacting with 
the  type-specific carbohydrate  of  fraction  C.  The  results  of  these im- 
munization experiments clearly indicate that fraction B  contains a  type- 
specific antigen capable of inducing the production of type-specific anti- 
bodies in animals. 
Physical and Chemical Characteristics of Fraction B 
After its  extraction by  the method outlined, fraction  B  appears  as  a 
fine  powdery white precipitate.  Lyophilization following electrodialysis 
converts it into a white fluffy solid.  It is soluble with difficulty in distilled 
water  and  physiological saline,  but  is  easily  and  completely soluble  in w.  F.  wRw~Y  643 
dilute alkali  (pH  8.0-8.5).  In solutions containing 500 nag. per cent or 
less it is not precipitated by HC1.  In somewhat more concentrated solu- 
tions  the  addition of HC1  produces turbidity  but only scant removable 
precipitate.  10 to 14 per cent trichloroacetic acid will precipitate fraction 
B  even from very dilute solution. 
Two separate preparations of fraction B from 100 liter lots of culture have 
been used for qualitative and quantitative chemical assay.  These, after 
reprecipitation and removal of salt by electrodialysis, using No. 300 cello- 
phane, were found to have a  dry weight of approximately 40 rag. and to 
have 14.0 and 14.4 per cent of Kjeldahl nitrogen.  Tests for phosphorus by 
the method of Fiske and Subbarow revealed that less than 0.1 per cent of 
this element was present.  Solutions containing 200 rag. per cent of frac- 
tion B were very faintly positive to the Molisch test and negative to Bial's 
test for pentose.  Hydrolysis of the material with HC1  slightly increased 
the  intensity  of  the  Molisch  test,  but  Bial's  test  remained  negative. 
MiUon's reaction and the biuret test were both positive.  These prepara- 
tions which were tested chemically were found to be  serologically active 
in dilutions up to 1:700,000 by weight. 
The chemical characteristics of fraction B  as revealed by the tests de- 
scribed above seem clearly to indicate that it is protein in nature and may 
be characterized by a low phosphorus content, a weakly positive Molisch 
test,  and a  negative Bial's  test.  These features  seem to  differentiate it 
from all of the other biuret positive fractions obtained in these experiments 
in that the latter have measurable quantities of phosphorus and react quite 
definitely in both the Molisch test and Bial's test.  Fraction C was found 
to  be  essentially  carbohydrate,  although  nitrogen  and  phosphorus  are 
present.  It  is  characterized  chiefly  by  its  intense  Molisch  reaction,  a 
negative Bial's  test,  and a  faintly positive biuret test. 
DISCUSSION 
The evidence obtaln&d from experiments presented in this  communica- 
tion demonstrates clearly that in type A staphylococcus, strain J13, there 
is present a  type-specific, antigenic protein.  There is in addition a  type- 
specific carbohydrate as reported by Julianelle and Wieghard, but the two 
fractions are chemically and serologically distinct. 
The sensitivity of fraction B  to the action of trypsin, its precipitability 
with trichloroacetic acid, its positive reaction to the biuret test and Millon's 
test, and its high nitrogen content all contribute to its clear designation as 
a protein.  The low phosphorus content of this material and its negative 
reaction to Bial's test both before and after hydrolysis eliminate it from 644  PROTEIN  DERIVED  FIIO~ STAPHYLOCOCCUS 
the class of nucleoproteins.  Most of the nucleoprotein obtained from the 
organisms was found in the HC1 precipitable fractions (AI and AII).  While 
it  is  recognized that  fraction B  is  not  a  chemically pure  substance,  its 
serological activity in high dilutions and its  nitrogen content which ap- 
proaches that of pure protein suggest that it is not grossly impure. 
The precipitin reactions obtained with the type-specific fraction B were 
unequivocal,  and were easily differentiated by  absorptions  from  the  re- 
actions obtained with the carbohydrate fraction C.  It has not been possible 
as yet to determine whether the type-specific carbohydrate and the type- 
specific  protein  are  coexistent in  all  type A  strains,  but  precipitinogens 
reacting with anti-fraction B serum have been found only in crude extracts 
of strains isolated from pathological sources.  These strains are, therefore, 
similar to those reported by JulianeUe and Wieghard to contain the type A 
carbohydrate.  The  observation  that  crude  extracts  prepared  according 
to  the  method of Thompson  and  Khorazo are  capable of  reacting with 
sera containing antibodies for fraction B  and not for fraction C  suggests 
the possibility that the chief precipitinogen in these extracts may be similar 
to or identical with fraction B.  If this be true, the specificity of the sero- 
logical types of staphylococci differentiated by this procedure would appear 
to depend, in part at least, upon the presence of the specific protein.  Pre- 
liminary studies have resulted in the demonstration of similar type-specific 
proteins in types B and  C staphylococci, and the type  C protein has been 
extracted.  Further studies of the rSle of proteins in the type specificity of 
staphylococci are being carried out. 
SUMxCg,  R¥ 
Chemical extraction of lyophilized and ground staphylococci of type A 
has  yielded a  type-specific, antigenic fraction which  has  been  shown  to 
be protein.  In precipitin tests  this fraction reacts in high dilution with 
homologous immune sera prepared by the injection of  animals either with 
the whole organisms or with the protein  itself.  Reactions with sera pre- 
pared against heterologous types of staphylococci occur only in low dilutions. 
The  type specificity of  this  fraction has  been found to be entirely inde- 
pendent of that of the type-specific carbohydrate described by  Julianelle 
and Wieghard. 
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